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1 Introduction

1.1 Impetus for Developing Nutrient Criteria

Nutrients such as phosphorus and nitrogen are telsssmponents used during normal
biological processes within plants and animalstdgien and phosphorus are naturally
occurring substances, an important component afntblecular backbone of cells, and
essential to sustaining life. Within surface watergrients exist in a variety of forms.
Nutrients may be in either particulate or dissolpbdses, associated with living or
senescent tissues (i.e., organic) or associatdédabibtic (inorganic) material such as the
soil matrix.

Elevated levels of phosphorus and nitrogen withenénvironment resulting from human
activity can cause real (or perceived) concernstioface water quality. These concerns
become manifested when a lake, reservoir, wetlarstream fails to meet its intended
societal use (i.e., beneficial use) because exudsents cause too much algae and/or
vegetation growth (or some other consequence)tieguih an “impaired” condition. The
enrichment of lakes, reservoirs, rivers and wettandh excess nutrients is consistently
one of the top causes of water resource impairméhin the United States (EPA 2000).

In 1998, the U.S. Environmental Protection Agertel &) published thé&lational
Strategy for the Development of Regional Nutriemte@a (i.e., the National Strategy).
The genesis for the National Strategy stems frdauadation of technical work
completed at the state, regional, and national kevassess the existing data on nutrient
problems and the extent of currently availableddolassess and address nutrient
enrichment (EPA 1998). This work culminated in @& Water Action Plan (CWAP)
published in the Federal Register in March 1998¢ckvincludes the development of
water quality nutrient criteria as a key component.

The National Strategy describes the approach re@rded by the EPA when
developing nutrient criteria and in working witha&ts and Tribes to adopt nutrient
criteria for implementation through numeric watenlity standards. The intent of the
National Strategy is to establish numeric watelityeriteria for nutrients, implemented
as standards, which curtails water quality problesteemming from excessive nutrients in
the environment. The intent is to restore and jgtdtes Nation’s water resources.

1.2 The Federal Approach to Nutrient Criteria

The EPA’sNational Strategy for the Development of NutrienteZia involves a two-
phased approach. During Phase | EPA developecdenttsater quality criteria (i.e.,
recommended concentrations) for phosphorus, nitroged other parameters for use by
states as a fundamental tool to begin developatg-specific nutrient criteria. The
recommended EPA criteria are based upon a statistialysis of previously collected
water quality monitoring data. The recommendedeslior the criteria correspond to
specific percentiles of the statistical distributiee Section 3.2.1 for additional
discussion) for water quality data within aggregasi of Level Ill ecoregions.

During the second phase, each state is expectatbfut nutrient criteria for water quality
to protect the beneficial uses of a state’s waters.

North Dakota Nutrient Criteria Development Plan 1



States and Tribes were afforded flexibility in stileg an approach for developing
nutrient criteria with implementation as numeriargtards. EPA provided three possible
approaches from which States or Tribes could choagarding criteria development:

1. Adopt EPA nutrient water quality criteria basedamyregated Level Il
ecoregions (either the established range or aesirgjue within the range);

2. Combine the EPA recommendations for nutrient datesith their own databases
to develop their own statistically-based critedr;

3. Use EPA methodology (or some other accepted apip)ydacdefining criteria or,
alternatively, construct a scientifically defensilohethod for developing nutrient
water quality criteria.

Theneed for the State of North Dakota isto develop technically defensible nutrient
criteriafor surface waters, protective of the resource and consistent with federal
guidance.

1.3 Scope of this Nutrient Criteria Development Plan
EPA’s National Strategy for the Development of NutrienteTia recognized four major
water body types:

1. Streams and rivers;

2. Lakes and reservoirs;

3. Estuaries and coastal marine waters; and

4. Wetlands.

EPA developed technical nutrient criteria guidam@muals for the first three water body
types, to provide guidance and assist the Stat&3 abes with the development of
nutrient criteria. As of August 2006, some publicas (Wetland Modules) are available
for monitoring and assessing wetlands, but the ¢ei@guidance manual remains
unavailable.

This plan describes the anticipated conceptualagmbr for developing nutrient water
quality criteria by the State of North Dakota. Tgten specifically focuses on lotic
systems (i.e., small to large wadeable and non-alddestreams and rivers) and lentic
systems (i.e., lakes and reservoirs). The plareatlyr excludes wetlands, although the
issues discussed and recommended methods areigibteagplicable to wetland
systems.

For lotic and lentic systems, the plan:
1. Defines a recommended approach for developingemitariteria;
2. ldentifies the data needed to develop the nutdetdria; and
3. Where possible, identifies key issues, milestomesdecisions.

While the scope of the plan is intended to prowdl@ar and meaningful guidance for the
development of nutrient criteria within North Da&ptesolving certain ambiguities or
unknowns associated with the amount and qualityatd necessary to develop the
criteria is beyond the scope of this plan. Thisiplgpresents a road map for use by the
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State of North Dakota to navigate through the cexdsues related to developing
nutrient criteria appropriate for (and protectifkits surface water resources. A
complete analysis of the data needed to develogpritegzia, the analysis and development
of the criteria and criteria implementation as wageality standards is expected to occur
subsequent to the completion of this report. Asgaezed by EPA, the report does not
represent a binding commitment and modificatiothefplan will likely be needed as

new information becomes available or unanticipasdes arise (Grubbs 2001). This
plan is consistent with the content for a nutrieniteria plan as required by the EPA.

1.4 Nutrient Criteria Development Philosophy

The development of nutrient criteria by the StdtBlarth Dakota is driven by three
fundamental considerations. These consideratianthat the criteria developed should
be:

1. Protective of the State’s water resources and tfesignated beneficial uses;

2. Tailored to the unique physiographic charactessdicd water resources of this
northern plain (prairie) state;

3. Technically and scientifically defensible; and

4. Based upon conceptual ecosystem models that refieise (stressor) — effect
(response) relationships founded on excess nut@rdentrations and that reflect
the reasons for resource impairment (e.g., excesdgae in a lake) and the loss
of beneficial uses.

These considerations guide the recommended apppvasénted by the plan.

North Dakota Nutrient Criteria Development Plan 3



2 Data Available to Develop Nutrient Criteria

2.1 Overview

A broad array of literature and water quality datxe reviewed and assessed while
preparing the nutrient criteria development planNorth Dakota. The literature
reviewed included reports and information spedti®North Dakota (see Section 2.5),
other states which have or are developing nutdgtdria development plans, and EPA
national guidance material. North Dakota surfaceemaonitoring data, obtained from
the NDDH, the United States Geological Survey (Up&%®l from EPA, were reviewed
and summarized. The objective for the literature data review was to understand
potential options (including benefits and limitais) for North Dakota in establishing an
approach for developing nutrient criteria. A thaybustatistical analysis of the data to
develop the criteria is expected during the impletaton of this plan. The analysis
presented in this plan is primarily intended toenstind the limitations of the available
data and the need for collecting additional datawtteveloping criteria.

2.2 Section 305(b) Assessment Data

2.2.1 Overview

Section 305(b) of the Clean Water Act requiresestéd develop a comprehensive
biennial report on the quality of state waters.tN@akota is characterized by four Level
lIl ecoregions and five major basird ép 1), which ultimately drain to Canada and
South Dakota. A narrative summary of Level Il emgions is found ii\ppendix A and

a summary description of major basins is foundppendix B. The basins and
associated surface waters are showM aps 1 and 2. To help manage surface waters the
State recognizes five hydrologic basins as:

1. Red River (including Devils Lake and the Upper &oaver Red River
Subbasins);

2. Souris River;

3. Upper Missouri River (Lake Sakakawea);
4. Lower Missouri River (Lake Oahe); and the
5. James River.

For the 305(b) assessment effort, the NDDH evatuddga collected on most of the
publicly managed lakes and reservoirs. Howevermntany lotic (flowing) systems means
that only a relatively small portion of streams avers can be feasibly assessed through
the collection and analysis of water quality sammgles., monitoring). While an estimated
2.5 million acres of wetlands are present in N@#kota, these lentic systems are
currently not assessed by the state, although d@onioig and assessment program is
under development.
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2.2.2 Lakes and Reservoirs

The NDDH currently recognizes 224 lakes and resesor water quality assessment
purposes. Of this total, there are 134 reservoids® natural lakesT@ble 1). Two
reservoirs (Lake Sakakawea and Lake Oahe) locateldeomainstem of the Missouri
River comprise 67 percent of the state’s combiaé&d lnd reservoir surface area.
Seventy-three (73) percent of the total area camprby the 90 natural lakes in North
Dakota is attributed to Devils Lake. Natural lakegh the exception of Devils Lake,
tend to be under represented in the State relttitlee total surface area of lakes and
reservoirs.

2.2.3 Streams and Rivers

The NDDH evaluated over 10,000 miles of streamsrasaals for water quality
assessment purposes. There are 54,427 miles afmstr@nd rivers in the state, of which
only 10 percent are considered perenniab(e 2). North Dakota shares perennial
systems with South Dakota and Minnesota, includlmgBois de Sioux River and the
Red River of the North, respectively. Together éhlesrder rivers total 427 miles in
shared length, which is almost 8 percent of Nord#kdda's total perennial system length.
The perennial and ephemeral (intermittent) streamasrivers in North Dakota are
distributed somewhat unevenly across the statemie ephemeral streams in the west.

2.3 Section 303(d) Impairments

Section 303(d) of the Clean Water Act requiresesté&d develop a list of waters which,
through the assessment processes, are identifieat aseeting beneficial uses
established by the State. Impaired waters idedtiie2006 are shown ik ap 3 and
summarized ifm ables 3 and 4. Four beneficial uses (aquatic life, recreatiomlkdng

water, and fish consumption) were assessed forogegof Section 305(b) reporting and
Section 303(d) lists. Water bodies can be watelitguemited and therefore placed on
the Section 303(d) list due to a variety of polhusafrom sources including point sources,
nonpoint sources, or both.

The NDDH uses a suite of indicators to assess lmalaise attainment and impairment,
and to determine causes and sources of stres$ectiraf water quality. The NDDH uses
a tiered approach that combines core indicatoestad for each beneficial use and water
resource type combination, plus supplemental indrsaselected according to site-
specific or project-specific considerations. Cand aupplemental indicatdrfor each
water resource type include physical, chemicaljthglbiological, and landscape
variables and metrics. While there are a numbéalkafs and reservoirs listed on the
Section 303(d) list for eutrophication / nutrientiehment, there are no river and stream
segments currently listed on the Section 303(tlbksause of excess nutrients. Some
water bodies may also be listed because of thefesaiion of excess nutrients like low
dissolved oxygen concentrations.

! The terms core indicator and supplemental indicator are yst INDDH for assessing impairment of a
water body. These indicators may also be considered “respolieglesiror “affect variables” as used in
this plan, which are the manifestation of excess nusrient
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2.4 Available Water Quality Data

2.4.1 NDDH Water Quality Monitoring

The NDDH has a ten year strategy drafted for maoinigothe water quality of surface
waters. This strategy builds on the foundation igprevious monitoring efforts within
the state. The NDDH establishes four categoriesafitoring efforts:

1. Condition monitoring;

2. Problem investigation monitoring;
3. Effectiveness monitoring; and

4. Special studies monitoring.

These categories help distinguish between the waparposes of the monitoring
programs and projects necessary to meet the godlstgectives of the NDDH ten year
strategy.

In 1991, the NDDH initiated the Lake Water Quaktgsessment (LWQA) Project. Since
that time, the NDDH has completed sampling andyasisfor 111 lakes and reservoirs in
the state. Lentic sampling sites are showil ap 4 and summarized for select
parameters applicable to developing nutrient daterTable 5. The results from the
LWQA Project have been prepared in a functionasatype format. Each lake report
discusses the general description of the water pelyeral water quality characteristics,
plant and phytoplankton diversity, trophic statusg watershed condition. Beginning in
1997, the LWQA Project activities were integratetbithe NDDH’s rotating basin
monitoring strategy. In addition to its inclusionthe annual LWQA Project, Devils Lake
and Lake Sakakawea have received special attention.

The NDDH first conducted state-wide biological ntoning of its streams and rivers
from 1993 through 2000 using a rotating basin apgmawvith intensive targeted chemical
sampling sites. Lotic water quality sampling sies shown irMap 5 and summarized

by select parameters Tmable 6. The rotating basin monitoring program was disicagd

in 2001 while the NDDH focused its resources inpgrpof sampling for EPA’s
Environmental Monitoring and Assessment Program ABPVWestern Pilot Project (see
Section 2.4.3). Some biological monitoring date.(imacroivertebrate and fish
abundance) has also been collected by the NDDEP(6).

Table 6 shows limited available chlorophyll-a data, witle texception of Level Il
ecoregion 48, for rivers and stream. Consideraitdd phosphorus and total nitrogen data
are available across all Level Il ecoregions feers and stream. Considerable total
phosphorus, total nitrogen and chlorophyll-a datazavailable across all Level lli
ecoregions for lakes and reservoirs.

2.4.2 National Water Information System

The USGS collects and analyzes chemical, physacal biological properties of water,
sediment and tissue samples from across the Ndtiwse data are accessible through
the USGS National Water Information System (NWIB)ere are a total of 1,302 sites
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within lentic or lotic systems which have been skdy the USGS in North Dakota.
Existing sampling sites on lentic and lotic systeresshown itMaps4 and 5,
respectively. Select parameters of interest amasarized inT ables 7 and 8. Within the
last ten years, roughly 46 lentic sites and 108 kites have been sampled for nutrients.
However, one water body may be associated withraesample sites, such as Lake
Sakakawea or Devils Lake. Although the USGS datstsatvs considerable data across
all Level 11l ecoregions for total phosphorus aatht nitrogen, limited chlorophyll-a data
are available for lakes and reservoirs or streamdsiaers. Chlorophyll-a data are
available for Devils Lake, the Chain of Lakes ie evils Lake basin, Lake Darling,
select locations on the Souris River and seleettions within the Missouri River
system.

2.4.3 EMAP Western Pilot Project

EPA’s Environmental Monitoring and Assessment Paog(EMAP) Western Pilot
Project is intended to help establish referencelitioms for wadeable streams. The
primary goal of the EMAP Western Pilot Projectaggenerate state and regional scale
assessments of the biological condition of wadpblkennial rivers and streams in the
western United States and to identify stressomscgs®d with the degradation of these
resources. In 1999, EMAP embarked on a multi-yfarteo demonstrate the application
of core monitoring and assessment tools acrosga teographical area of the western
United States. The EMAP-West project includes tna\te conterminous states in EPA
Regions 8, 9, and 10. The surface water compamfdefMAP-West has developed a set
of indicators of ecological condition and enviromtad stressors. These include:

1. Biological assemblages (fish, macroinvertebrated,agae);

2. Ambient water chemistry (nutrients, acid/base stagtc.);

3. Fish tissue contaminants (mercury, metals, PCB eoeig, persistent organics);
4. Physical habitat (sedimentation, in-stream / rgnahiabitat structure, etc.); and
5. Watershed characteristics.

Within North Dakota between 2001 and 2004, a totdl13 samples were collected
characterizing wadeable streams. Sampling siteshemen inMap 5 and summarized by
select parameter ihables 9 through 11. Sites were chosen by EMAP staff in
consultation with State staff, based on a randoen, fprobabilistic) site-selection process.
However in some instances, duplicate sampling &ffeere performed on one date at a
single station (i.e. reach-wide versus targetdtt rgampling).

Table 9 shows that during the EMAP Western Pilot Projexthlorophyll-a or

periphyton data were collected within lotic systekVater quality data were primarily
collected for lotic systems within Level Il ecoregs 43 and 48, and excluded regions
42 and 46. Reference sites were primarily locateztbregions 43 and 48 (skable

11). These data are expected to be useful in obtamigeneral sense of total phosphorus
and total nitrogen concentrations at reference siéhin two ecoregions, but of limited
value in establishing the cause — effect relatignehestablishing ecological endpoints
except within ecoregions 43 and 48. A suite ofdmyadal indicators were collected along
with the chemical water quality data.
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2.4.4 Sheyenne River Pilot Study

The NDDH commissioned a pilot study, funded byHRA (Zheng et al., 2004) to
evaluate the development of potential nutrienedatfor wadeable streams within the
Northern Glaciated Plains ecoregion (46). Ecoredi®mcludes the Sheyenne River and
its’ tributaries. The pilot study evaluated a swtetream metrics as well as land use
factors. Fourteen sites were selected as targetedence sites within the area
contributing runoff to the Sheyenne River. Two diddial sites were selected outside of
the Sheyenne River watershed as reference siteglifg occurred over a two-year
(2001-2002) period. Recommended nutrient criteeaandeveloped during this pilot
study for total nitrogen, nitrate-nitrite nitrogental phosphorus, and soluble phosphorus.
The nitrogen criterion developed during the pil@ssimilar to those recommended by
EPA using a statistical approach for the aggregateegions. The pilot study
recommended a criterion for total phosphorus camnainle greater than that
recommended by EPA. The pilot study recommendegbanoach to developing nutrient
criteria which consisted of combining informationrh reference sites with effects-based
relationships of macroinvertebrate response.

Several lessons were learned from the completigheopilot study. Identifying

conditions considered as “reference” proved chgllegn because of the considerable
anthropogenic disturbance within the watershedoyén rather than phosphorus may be
the nutrient limiting primary productivity. Measnog periphyton biomass proved
challenging, and generally periphyton and diatoseatblages did not show a pattern of
change in response to nutrient concentrationsh@ra@nvironmental variables. Duplicate
periphyton samples tended to show low similaritg.(ipoor precision), suggesting
challenges with the sampling method. Macroinvedtbassemblages were associated
with environmental variables, primarily the numbéEPT taxa.

2.4.5 Statistical Analysis of Existing Data

The EPA Region 8 contracted with Dr. Pete Richémas Heidelberg College to apply
EPA’s recommended statistical approach to the’statater resources. The effort
resulted in the determination of potential draftrient criteria for Level Il ecoregions
within North Dakota, based on currently availakd¢ad T able 12). Based upon the
statistical analysis, agreement between the palesriteria as derived by EPA and Dr.
Richards varies. The primary limitation with thealysis is the lack of a cause-effect
relationship.

2.5 Literature Review

2.5.1 Overview

A diverse assemblage of literature relating toieatrcriteria development was compiled
and reviewedTable 13). The literature reflected federal technical guicadocuments,
fact sheets, and other information, as well asenitcriteria plans from many states.
Nutrient criteria plans from 14 states were scrdegnadentify those with relevance to
North Dakota.
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2.5.2 Documents Relevant to North Dakota

There is potential value to North Dakota from bunigdupon existing nutrient criteria
plans. Most notably, it allows the state to underdtthe rationale for developing criteria
and utilize a proven, successful strategy. Itvedlthe state to select the most salient
pieces of each plan to develop its own tailored@g@gh to developing nutrient criteria.
Nutrient criteria plans from 14 states were scrdegnadentify those which were deemed
as having particular relevance to North Dakota.

The documents from six states seemed especiallicable to North Dakota. Key
components of the six nutrient criteria plans amamarized inl ables 14 and 15.

Several factors were generally considered whersasggthe relevance of a state’s
nutrient criteria plan to North Dakota, includinighdar water resources, geographic
proximity, scientific rigor of the plan, and abyliftbased on staff and financial reseources)
to implement the plan. The following state plansenéentified as relevant to North
Dakota:

1. California;
Colorado;
Florida;
Minnesota;
Montana; and
Utah.

The content and detail contained in each plan saasiderably. The key components
of some plans were difficult to clearly and conlyismimmarize in categorical form. In
large part, this is due to the open-ended natutkeoharrative found within several plans.
While this affords a certain level of flexibilityt,also reduces the utility of the nutrient
criteria development plan itself. However, giveattbaveat, the approaches proposed for
North Dakota generally align with those of othdevant states.

L

Based upon the literature review, several itemmeeéeelevant to developing nutrient
criteria within North Dakota:

1. Omernick Level lll or IV ecoregions represent a gapatial scale for developing
nutrient criteria for streams and rivers;

2. Nutrient criteria should be seasonal, reflectivéheftemporal response of the
resource;

3. The application of EPA’s recommended approach e2#' percentile for the
monitoring data “population” can result in unduéstrictive criteria,;

4. Using a 78 percentile concentration for sites identified eférence” is
preferred over the Z5percentile for the monitoring data “population”
recommended by EPA;
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5. Nutrient concentrations established using registrassor — resporfsield
studies tend to fall within a narrow band arourei88" percentile value using
reference site data;

6. The selection of nutrient criteria based on asiatl approach (including EPA’s
recommended approach) is best supported by groutited field data used to
develop a site specific stressor — response raktip;

7. The nutrient criteria should ideally include someression of uncertainty (e.g.,
confidence interval) which reflects the inherentiaaility of natural systems,
both in terms of the stressor — response relatiprasid the beneficial use
impairment;

8. Common sense should be applied when using a statiapproach (i.e.,
consideration given to censoring techniques, sasipée correlation among
causal variables, the type of statistical distiidui

9. Many states prefer the use of a reference appreitier to establish the form of
the stressor — response relationship or for apglgistatistical approach.
However, identifying “reference” for large riverssgms can be challenging;

10.Identifying the limiting causative factor(s) forrae systems can be a challenge;

11. Spatially varying nutrient criteria on large laka®l reservoirs may be necessary
to be protective and represent the naturally oaugitongitudinal change in water
quality;

12.Criteria are intended to be regionally protectiSie-specific data developed
through the completion of a total maximum dailydaudy may still be needed
to protect a specific water body; and

13.Few states have actually implemented their criteisa additional lessons can be
learned.

The intent is to incorporate the relevant lesseasrled from the literature review into the
North Dakota nutrient criteria development process.

2 The terms “stressor — response” and “cause — effect” are usechamigeably, to mean the change in a
water body in response to excess nutrients.
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3 Proposed Nutrient Criteria Development Strategy

3.1 Nutrient Criteria Development Framework and Concepts

This section presents a proposed strategy for dpwe nutrient criteria for the State of
North Dakota. The ability to implement this strateygll be largely based upon the
availability of good quality surface water qualmponitoring data to identify and verify
reference sites and statistically defensible shressesponse relationships. Therefore, the
approach should be considered “preliminary” withisens necessary as more detailed
information becomes available. The intent is tovpte sufficient detail within this plan

to generally identify the anticipated criteria dieysment approaches for lotic (i.e., rivers
and streams) and lentic (i.e., lakes and reseiv®ystems sufficient to secure additional
funding. This funding is needed to conduct theistitb develop the data to establish
nutrient criteria.

3.1.1 Spatial (Geographic) Scale for Criteria Devel opment

Nutrient criteria may be developed on a site spebdsis (i.e., individually for each

water body) or across some larger geographic a&ga (egion or state). The advantages
of developing the nutrient criteria across somgdageographic area are that 1) a lesser
level of effort may be required to develop theeard, because criteria are not developed
individually for each water body using site specdata, and 2) there is greater
consistency of the criteria when it is applied asra larger area. The disadvantage is that
the criteria may be over or under protective ofrémource’s beneficial uses, because
they are generalized.

Two alternative spatial scales, ecoregions and msajdace water hydrologic basin, have
been considered for criteria developméiis the recommendation of this plan to use a
nested approach of Level Il ecoregioiap 1) further subdivided by major surface
water hydrologic basindap 2) for nutrient criteria developmenthe intent is a
geographic scale which separates large river sysli&mthe Missouri River, which are
influenced considerably by conditions beyond thee3¢ border. Using major surface
water basins as the primary spatial scale rattzr &toregions may have an advantage.
This will be evaluated further once statisticallgsig of the data begins. Large reservoirs
are expected to behave differently than most watdures within their ecoregion. The
water quality of large rivers and the mainstemmasies (Lake Sakakawea and Lake
Oahe) is influenced considerably by the large arhotidrainage area beyond the North
Dakota border. Additionally, there are numerougparal lotic systems which flow
through more than one ecoregion.

Using ecoregions alone, rather than a nested appsisould be considered if the nested
approach proves difficult. Previous statisticallgsia of North Dakota stream and lake
data by Dr. Richards did not conclusively indicsignificant differences in potential
nutrient criteria among all ecoregions. Statistycaignificant differences between some
ecoregions were determined for select parametegs {etal phosphorus and total
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nitrogen). In part this analysis was hindered bynalequate spatial distribution in data
collection. A nested approach may prove cumbersamaedifficult to apply, simply due
to the number of criteria that would need to beellgyed and the amount of data
required. The nested approach also implies thatfgignt differences would exist in
water quality among ecoregions within a hydroldgasin. An advantage of the nested
approach is that criteria and data can always beeggted using a larger spatial scale.
Some initial work will be necessary to select thest” spatial scale.

3.1.2 Temporal Scale for Criteria Development

Nutrient criteria should ideally be developed imanner, which reflects the timing
(when during the year) and duration (how long)haf beneficial use impairment. The
timing and duration of the beneficial use impairtmay differ from the timing and
duration of the factors leading to the impairméiut: example, the timing and duration of
an algal bloom in a lake or reservoir during thevgng season may be caused by an
episodic pulse in nutrient load in the spring. Mt criteria need to include a temporal
component (i.e., the time of year they apply angl@uration or recurrence or averaging
period) associated with the criteria.

3.1.3 Stressor — Response Relationship

The process and methods used to develop nutrigetiarare ideally based upon a known
and quantifiable stressor — response relation3thip.stressor(s) “causes” the
manifestation of the response or an “effect.” Tégponse or effect is some condition
which fully or partially prevents the intended bicial use(s) of the aquatic resource.
The anticipated stressor-response relationshipieticrand lentic systems are discussed
within Section 3.2. The preference is to estaldigteria as an expression of the stressor
variable where exceedance of some threshold rasus undesirable condition for the
response variable.

Expectations are that conceptual ecological mogets, Causal Analysis / Diagnosis
Information System or CADDIS; existing ecosystenexvauality models) will provide

the theoretical foundation for the stressor — raspaelationships. Example models are
presented in the specific sections pertaining tioc kind lentic systems. Conceptual
models will assist not only with identifying theestsor — response relationship, but also
to reasonably ensure the proper stressor variablgsnetrics are identified and measured
which best describe the system’s response to nugi@ichment.

Figure 1 shows an example conceptual model for a loticesgstom CADDIS. There
are several additional sources for conceptual nsatiet can be used for lotic systems.
Some of these conceptual models include commormg tesceiving water quality models
such as QUAL2K, CEQUALW2 and WASP. Prior to selegtspecific stressor —
response variables for developing the nutrienégatfor lentic systems, a conceptual
model using currently available information will bealized. Ideally, this conceptual
model will recognize the uniqueness of the praigeatic ecosystem.
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Figure 1. Example Conceptual Model for the RespafigselLotic System to Excess
Nutrients (from CADDIS).
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3.1.4 Water Body Classification

3.1.4.1 Classification System

The biological response to excess nutrients vaepending upon the physical and
hydrologic characteristics of a water body. Thaiacimetrics used to quantify the
physical and hydrologic characteristics can vargywelver, the metrics often involve an
expression of light penetration, flow regime, abgbtc factors such as habitat, salinity,
or acidity. Classifying water bodies is intendeci@ble the development of nutrient
criteria which best reflects the likely responsevater bodies which are similar in nature.

For the purpose of developing nutrient criterigracess is needed to classify water
bodies with regard to their landscape setting aed¢sulting physical and chemical
characteristics within each geographic area. Baped preliminary considerations, the
following water body classification system is recoended:

Reservoirs and Lakes (Lentic Systems)
a. Reservoir
i. Large River Reservoirs (e.g., Lake Sakakawea, IGdiee,
Jamestown Reservoir, Lake Ashtabula)

ii. Small and Medium River Reservoirs (e.g., SweetrHdiam,
McDowell Dam, Crown Butte Reservoir)

b. Natural Lakes
i. Shallow Lakes (e.g., Lake Haskins, Green Lake, Poweake)
ii. Non-shallow Lakes (e.g., Devils Lake)

c. Wetland$

2. Rivers and Streams (Lotic Systems)

a. Perennial
i. Wadeable
ii. Non-wadeable (i.e., large)

b. Intermittent / Ephemeral

The recommended approach for classifying lentiewhbodies includes using mean
depth (derived from surface area and volume), maxirdepth, fetch, open water area,
overflow rate, and hydraulic residence tinTée availability of some of these
characteristics for lakes managed by the North Ba@ame and Fish is shownMap

7. Hydraulic residence time and overflow rate maylbgved using surrogates such as
mean annual runoff volume derived from contributilnginage area. Two other
important metrics, which may be considered or dgved in the event the proposed

* Wetland nutrient criteria are not included in the scopaisfRlan.
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metrics are insufficient to classify lentic systerse the mixing characteristics (e.g.,
polymictic versus dimictic) and dominant stabldesi@is-a-vis clear macrophyte
dominated state for shallow lake systems).

The recommended approach for classifying lotic whtalies includes the metrics of
flow regime (likely frequency and magnitude of kié&sge) and drainage area at the
watershed mouthlhe National Hydrography Dataset (NHD) is antitgobto be the
primary tool for the initial classification of latisystems. A careful evaluation of the
decision process used to define a stream withitNtHB as perennial or intermittent is
needed to ensure the distinctions between lotiesys (perennial and intermittent) are
appropriate and suitable for nutrient criteria depment within North Dakota. An
alternative classification metric, which proved®suseful in Montana, is stream order.

The ability to develop nutrient criteria using fhreliminary water body classification
system depends upon the amount of water quality @ailable for the parameters of
interest. Subsequent analysis of sample size bgrgphic area and water resource type
is needed.

3.1.4.2 Definitions

The following preliminary definitions are presentfedthe purpose of classifying water
bodies and determining the amount of water qudktia available by water body type.
These definitions may be modified or adjusted duthe implementation of this plan.

Lentic Systems - Lentic systems are generally considered as stgnaater systems. This
concept is quite broad, encompassing bodies ofistgrwater with widely differing

spatial (size) and temporal (seasonal) charadtexigh natural systems, there are no
clear boundaries between standing water systemly -goadients. The categories and
labels used to describe features such as wetlpodds, and lakes are somewhat
arbitrary, often informal, and are primarily constied to help manage the standing water
systems. For this plan, a lentic system will in€lwdlake, reservoir or wetland.

Lake - The State of North Dakota does not have a deimivf a lake within the
Century Cod& For the purpose of this plan, the following aiieare used to
distinguish a lake system from other lentic systems

1. Surface area of 10 acres (4 hectares) or more;
2. A maximum depth which is not less than 3.3 feangter); and
3. A minimum non-vegetated, contiguous open water afda000 ni or more.

The standing water forming a lake is not artifigiareated or increased in depth by
obstructing a watercourse through the use of aatamther man-made obstruction.

Shallow Lake - A shallow lake is a natural lake, characterigdstanding water,
where light penetrates to the bottom sediment®tentially support rooted plant
growth throughout the water body. The lack of cstesit thermal stratification during

® The Century Code is the codification of all general aerdnanent law enacted since statehood.
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the summer and the tendency to exhibit alternativi@d and clear stable states are
also common characteristics of this class of water.

Non-shallow Lake - A non-shallow lake is characterized by both allsiv shoreline
area that may potentially support rooted plant ghoand a deeper portion where
sunlight does not penetrate to the bottom. Thesenbadies frequently stratify into
distinct thermal layers during the summer.

Reservoir - Reservoirs are artificial (man-made) lentic sys$. At a minimum,
reservoirs must meet the first three conditiongnaeff for a lake system. In addition,
the following criteria are used to distinguish res&s from other lentic systems:

1. Existence of a control structure to actively retpilaater levels and
discharge; and

2. Generally shorter hydraulic residence time (gehetass than 1 year)
because of a larger drainage area to surface atieacompared to a lake.

Wetland — A lentic system that is inundated or saturatedusface or ground water at
a frequency and duration sufficient to support, #rad under normal circumstances
does support, a prevalence of vegetation typicappted for life in saturated soll
conditions. Wetlands generally include swamps, hessbogs and similar areas.

Lotic systems — Lotic systems are generally flowing water systemMore specifically,
they can be characterized by the presence of areciidnal gravity induced current. As
with lentic systems, there is substantial variapih the types of lotic systems. For this
plan, a lotic system will include wadeable and meaadeable streams or rivers.

Wadeable Stream or River - A wadeable stream or river is a lotic systemaligan
generally be traversed on foot and exhibits a depth that it can be “sampled”
without the use of a boat during summer base flomd@ions. These lotic systems
can be further classified according to the tempoaslire of their flow regime as
either perennial or intermittent.

Non-Wadeable Stream or River - A non-wadeable stream or river is a lotic system
which can not be traversed on foot and exhibite@ldsuch that “sampling” can only
be conducted with the use of a boat during sumrase flow conditions. These lotic
systems are typically perennial.

Perennial Stream or River - These systems are generally considered thoséawhic
have flowing water throughout most of the year aigithe open water season
(generally > 90% of the time) during a typical ye€Hnese systems may periodically
have no observable flow, but this generally ocaunly during extreme drought. The
stream bed seasonally intersects the water tabbeim@water is typically the source
of base flow and runoff from rainfall is a supplerted source of water for stream
flow. Perennial streams and rivers are gener&llpi@ler or greater.

I ntermittent Stream or River - These systems are generally considered thosdwhic
only periodically have flowing water during the opsater season, during most
years. These systems may not convey water atrgdissi under periods of extremely
high precipitation. The stream bed seasonally setets the water table. Runoff from
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rainfall is a supplemental source of water foratn€low. These streams and rivers
may be ¥ 3% or 4" order.

Ephemeral stream: An ephemeral stream has flowing water only foharsduration
during spring runoff or after precipitation eveits typical year. Ephemeral stream
beds are located above the water table year-r@sraindwater is not a source of
water for the stream. Runoff from spring runoffrainfall is the primary source of
water for stream flow. An ephemeral stream is galhel™ or 2% order.

3.1.5 Ciriteria Variability and Beneficial Use Impai  rment

The purpose for developing regional nutrient cidtés to broadly protect water bodies
from the enrichment of nutrients due to human eéffethereby protecting designated
beneficial uses (e.g., recreation, drinking watgpdy, aquatic life). Nutrient
concentrations within a water body fluctuate acsmsge range in response to naturally
occurring factors such as varying loads resultiogifa range of precipitation and runoff
conditions. The biological response will mirrorgmatural fluctuation. It is expected that
water bodies in “ecological balance” can experiemcange of nutrient concentrations
(either daily, seasonally or annually), while stilipporting beneficial uses. The regional
nutrient criterion must also either implicitly axmicitly incorporate an acceptable range
of concentrations bounding that criterion. Thisa@#pt is graphically shown iRigure 2.
ConceptuallyFigure 2 illustrates that opposing ends of a

Figure 2 — Conceptual Distribution of Chemical Centrations within Water Bodies
across a Geographic Area* and the Relationship Betwa Nutrient Criterion, and
Reference and Impaired Conditions.
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*Represents the concentration “population” from all measured gitepted from Figure 9 in EPA 2000.
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response metric frequency distribution are theregfee water bodies (low nutrient
enrichment) and impaired water bodies (high enrighitn

Finding locations which represent reference coodgican be challenging. Most of the
state’s land cover is altered and affected by humidurence. Caution is needed to
properly define and characterize reference, ifdipigroach is used to establish nutrient
criteria (see Section 3.1.6 for the definition eference).

A nutrient criterion is not intended to represestragle threshold from which beneficial
use impairment can be determined. A criterionnsgaonally-derived value based upon
the classification of several or many similar wdtedies. The process to ascertain
beneficial use impairment is procedurally more roges in North Dakota. A common
thread is that some of the stressor variablesh@eame as the core and supplemental
indicators, which the State uses in beneficialdetermination.

The nutrient criteria, once established, are basedgional information intended to
establish maximum acceptable nutrient levels faiewhodies of different types across
the State. The NDDH uses additional factors toslcific waters as impaired and place
them on the Section 303(d) list of impaired watexeding TMDLSs. For those water
bodies which are impaired by nutrients, a spetifial maximum daily load study
(TMDL) must be performed to determine how a wateahbcan be improved (i.e.,
nutrient levels reduced) to meet its beneficiabusteshould be recognized that there may
be the need on a site specific basis (i.e., TMDlemstthe regional criteria are not
sufficient, either too restrictive or not restneienough) to establish site specific
criteria. In these cases, the site specific ¢atetll be adopted into the State's water
guality standards prior to TMDL implementation.

It is recommended that there also be a processatuate and define a translator
mechanism during the nutrient criteria developnyaoicessThis translator mechanism
would allow established nutrient criteria to beusstipd in order to address impaired water
bodies. The translator mechanism would essenti@ls method or process allowing the
“conversion” from the numeric criteria developed &oregion to a site specific criteria or
goal.

3.1.6 Reference Condition Definitions

A wide range of definitions have been used to diesaeference condition. Ideally, a
location selected to represent reference conditiethscts pristine conditions, devoid of
any human influence. The following definitions amgplicable to developing nutrient
criteria:

Pristine - The biological condition exhibited by an aquatisaerce in absence of
human disturbance, as characterized by the typkalamdance of species. The
biological condition prior to Euro-American settlent is generally assumed to be
“pristine”.

Minimally Impacted Conditions - The biological condition exhibited by an aquatic
resource in the presence of minimal human distudaas characterized by the types
and abundance of species. The biological conditibowing Euro-American
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settlement is generally assumed to be impactednatysis of the condition of the
landscape within the contributing drainage arggpgally characterized by minimal
agricultural and urban influences. It is generabfgumed that these conditions do not
actually occur in North Dakota.

Least Impacted Condition - The biological condition exhibited by an aquatic
resource characterized by the least amount of hutistuwrbance available in a region
for a water body class, as characterized by thestgmd abundance of species. The
definition of least impacted conditions has the saneaning as “regional reference
site” as defined withir2.b.(6) of 33-16-02.1-08 General Water Quality Stads of
North Dakota Century Code. The biological conditiolowing Euro-American
settlement is generally assumed to be impactedaratysis of the condition of the
landscape within the contributing drainage arggpgally characterized by the
smallest amount of agricultural and urban influencé&he least impacted condition
may or may not be the minimally impacted condition.

Regional reference sites (2.b.(6) of 33-16-02.1-08 General Water Qualitsutstards

of North Dakota Century Code) means sites or waeies which are determined by
the department to be representative of sites cenmidies of similar type (e.g.,
hydrology and ecoregion) and are least impactel kggpect to habitat, water
guality, watershed land use, and riparian and giok condition. Regional reference
sites are used to describe regional reference tondi

Using the least impacted reference condition taldisth the nutrient criteria is
recommended.

Efforts are ongoing within the State to establiguiie of candidate reference sites and/or
reaches, which can be used for multiple purposetjding the development of
biological criteria, suspended and beded sedin®@hBE) criteria, andhutrient criteria.
The EMAP Western Pilot Project effort identified @ference sites within a single Level
Il ecoregion for North Dakota (s@eable 11). Further identification of reference sites
are expected as part of a planned biological mandceffort for the Red River of the
North Basin, catalyzed by the International RedeRBoard (IRRB) (Fritz 2004).
Recommended definitions of reference conditiondea®loped for the IRRB are similar
to those described above. The NDDH anticipatesdbsiténg a reference site network,
with one of the purposes being the developmentbfent criteria. Important data to be
collected at the reference sites include nutriencentrations and cause-affect
relationships for nutrient response.

3.2 Recommended Approaches for Nutrient Criteria
Development

The preliminary recommendations are based upoanufrent understanding of data
availability, the desired philosophy of the NDDHhdethe need for a method tied to the
biological response of the resource to excessanifri The approach ultimately selected
and implemented may be different from that reconuheelnas additional information and
data are collected and analyzed. The approachaitignselected must result in nutrient
criteria which are technically and scientificallgfdnsible, can be reasonably
implemented within state law and rule, and are piat®e to societyPreliminary
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recommended approaches are provided for lotic @mii¢ systems separately, because
of their differing response to excess nutrients.

3.2.1 The “EPA Approach”

As stated in Section 1.2, the EPA outlines thre@@gches from which States could
develop their nutrient criteria. The first two apaches are based on descriptive statistics
defining the 78 percentile concentration for reference sitesher2d’ percentile
concentration of non-reference sites, to idenhfyy hnumeric criterion for a parameter.
Regionally recommended nutrient criteria by the EfPA summarized iiable 12, along
with criteria based on previous North Dakota aredyShe use of statistical methods and
the selection of percentile concentrations as goregch for determining nutrient

criteria are not recommended for North Dakota, withsome linkage to the stressor-
response relationshipNoteworthy drawbacks to a purely statistical basethod

include:

» Percentiles of data do not consider the environal@aintext of a resource. For
instance, this method would apply the same nunueitierion to all perennial
streams, regardless of size (e.g., Missouri Rreesus the Maple River);

* The “arbitrary” choice of a percentile rank mayfact establish a numeric
criterion lower than the least impacted or minimathpacted conditions; and

* Use of a statistically based approach is not ticitié stressor-response
relationship, and does not address the ability péraentile-derived criterion to
protect beneficial uses.

While the EPA technical guidance manuals providsebent information, they do not
specifically relate the recommended approach tdémeficial use. These uses vary from
state to state. As noted in Section 2.3, North Dekecognizes four beneficial uses for
water bodiesThis plan for developing criteria is based uporaeishing nutrient

criteria protecting the most “stringent” beneficialke, which in most cases will be
aqguatic life. The recommended approaches assumetitexia developed to be
protective aquatic life are also protective of alher beneficial uses (e.g., drinking water
supply, recreation).

3.2.2 Proposed Approach for Lentic Systems

3.2.2.1 Conceptual Model

Figure 3 presents a conceptual ecological model showingefigonse of lentic systems
to excess nutrient concentrations. This model sstggmtential causative ecological
endpoints (i.e., response variables) include thguency and severity of algal blooms,
the concentrations of chlorophyll-a and chloropttiylsome measure of water clarity,
dissolved oxygen concentrations and Trophic Stadex (TSI) score. The conceptual
model further suggests that the applicable causatviables are those that limit primary
production.
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3.2.2.2 Ecological Endpoints (Response Variables)

The response variables are generally those vasiaid@asured in the environment that are
used to determine whether a resource is impaireduse of excess nutrients. During the
process of developing nutrient criteria, the resgovariables will be used to develop the
“cause — affect” relationship that forms the techhbasis for the criteria.

Several ecological endpoints are used by the NDDéaksessing impairment and the
attainment of beneficial uses for aquatic life. Hoelogical endpoints are also our
response “targets” for the nutrient criteria. Cloggastics of the fish community
(primarily the types and abundances of species}tandlgal community (primarily
characterized by the types and abundances of playiipn and the amount of
chlorophyll) are often used as ecological endpoints

An increase in the frequency and severity of did@bms is a typical response to excess
nutrients in lakes and reservoirs. Algal biomagpyressed as the concentration of the
pigment chlorophyll-a, is a common variable useddsess the response of lakes and
reservoirs to excess nutrients. Algae in the wa&rmn reduce water clarity and the
penetration of light. Secchi disk transparencyinaiicator of water clarity, is an excellent
physical response variable.

Using the concentrations of chlorophyll-a and clejoinyll-b, and water clarity expressed
as Secchi disk transparency, as the response \tasdbr nutrient enrichment is
recommendedAn additional recommendation is that the frequearegt severity of algal
blooms be evaluated as a potential response varigbis requires operationally defining
an “algal bloom.” The definition of a bloom likelyaries geographically, depending upon
user perception.

Because the fish community is dependent upon saifdtysical and chemical conditions
for survival, we further recommend that dissolvegigen be considered as a response
variable. The amount of dissolved oxygen availablsupport a diverse assemblage of
fish species generally declines as the severitytiient enrichment increases.

3.2.2.3 Causative Variables as Nutrient Criteria

Nutrient enrichment is principally responsible fbj:changes in basic food webs
including altered algal communities and causingptfiakr or nuisance algal blooms, which
can lead to the loss of an economically importeshtefry and overall aquatic biodiversity;
2) loss of native submerged aquatic plant habitetsare important to fish and other
biota; and 3) anoxia leading to fish kills and/egdaded benthic (bottom) habitats that
affect shellfish and other biota.

The key in developing nutrient criteria is to ungtand the specific factors that
biologically limit algal productionThose variables measured in the environment, which
are indicative of excess nutrients, and that ditieeecological response are potential
causative variables that can serve as criteria.

Lentic systems are known to respond to: 1) incregsoncentrations of various nutrients
including nitrogen and phosphorus; 2) increasingceatrations of metabolic building
blocks, including various forms of carbon (e.g.,A&L@nd silica; and 3) light needed for
photosynthesis. The mathematical form of the respanay be linear or nonlinear.
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Figure 3 — Conceptual Ecological Model for the Rasge of a Lentic System to
increased Nutrient Concentrations (from CADDIS).
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An initial evaluation of the following causativeriables as potential nutrient criterion is
recommended

» Total phosphorus * Ammonia nitrogen
* Orthophosphate or dissolved » Total Kjeldhal nitrogen
phosphorus

» Total organic carbon

* Total nitrogen » Dissolved organic carbon

 Nitrate plus nitrite nitrogen . Total dissolved solids

* Nitrogen to phosphorus ratio

The use of an indicator like the Trophic Statuseba{T'SI), which combines several
trophic characteristics, should also be considestatistical analysis of the response and
causative variables will be used to select thd paaameters. Those parameters which
have the strongest predictive relationship withebelogical endpoints will be the most
useful to establish as criteria. Confounding faxsarch as salinity concentrations should
be incorporated into the analysis to determinedéiifications to the lentic system
classification method are needed.

Expectations are that a detailed analysis of thiews forms of nitrogen is not needed.
Rather, the response to total nitrogen or inorgaitiogen may be sufficient to describe
the response of the ecological system.

3.2.2.4 Temporal Scale

Use of the open water season is recommended asrtiporal scale for the development
of nutrient criteria in lentic system$he specific temporal scale over which nutrient
criteria are applied should be confirmed duringdberse of nutrient criteria
development. Potential options for the temporalesteciude the growing season (April 1
— October 31), summer season (roughly June 1 -eBuyatr 1), or recreational season
(May 1 — September 30).

3.2.2.5 Spatial Scale

Use of the average water column concentration takehe deepest (often middle)
portion of a lake or reservoir is recommended asdpatial scale for the nutrient
criteria. An alternative approach is expressing thigeria as a value representative of
the surface mixed layerorizontal variation in larger lakes and reserv@ralso likely.
Therefore, for larger lakes and reservoirs theienitcriteria may need to be established
longitudinally or for specific embayments.

3.2.2.6 Recommended Criteria Development Method

One important guiding principle is that the nuttieriteria should ideally be based on a
definable cause — effect relationshine recommended approach for developing nutrient
criteria for lakes and reservoirs is based on ebthling regionally defensible cause (i.e.,
load) — effect (i.e., eutrophication response) tielaships These relationships should
incorporate the important causative and respongablas and ideally incorporate the
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frequency and duration of the conditions causingebieial use impairment (e.g., algal
bloom frequency and duration). The approach reguestablishing a threshold defining
an “algal bloom” correlated to the impairment iruatic life (or another beneficial use
such as recreation).

Figure 4 presents the recommended method for developingutreent criteria for lakes
and reservoirs. Expectations are that the methaddname applied using appropriate
spatial and temporal scales. The approach is hgsmudeveloping and applying
regional eutrophication load-response models,tbetissolved oxygen levels and the
impact to aquatic life. The approach depends uperability of the NDDH to establish
eco-region appropriate lake and reservoir tropbalg) These goals may be established
based upon reference conditions, or the desirgthizstate using best professional
judgment. The approach essentially consists ofgusiadels to “back-calculate” regional
nutrient loads based upon the established goaésrddional model will need to be
applied on a geographically representative samiiekes and reservoirs to establish the
regional load. The regional load will then requnanslation into concentration or yield
for some distance upstream, while considering gpeapriate runoff conditions (e.g.,
average runoff year). The recommended criterialdpeel using this technique needs to
be compared to the method developed for lotic systevith the most stringent applied.

An alternative method may be used if the abilitgstablish goals using the desired
trophic state or data limitations prohibits the ogéhe recommended method. The
alternative approach is the use of descriptivessiizd for the concentrations of the causal
variables correlated to the response conditionithggith beneficial use impairment. This
approach is more fully described in Section 3.2a818 is the recommended approach for
lotic systems.

3.2.2.7 Data Gaps and Potential Issues

A significant issue for North Dakota is the lacknobnitoring data relating to lakes which
reflects reference conditions. The EPA is undeniga National Lake Survey utilizing a
probabilistic site selection approach, so it isgilae that this gap may be addressed
through pending efforts. However, four groups otie systems are proposed for North
Dakota’s nutrient criteria, so any data reflectaxpected condition may only apply to
certain types of lentic systems (e.g., shallow )ake

Another data gap is the lack of a Trophic Statuein(TSI) model specific to the state.
Carlson’s TSI model is currently utilized by the NB to assess eutrophication in lentic
systems. A major drawback to using Carlson’s T$had it was developed for lakes that
are primarily phosphorus limited. Because most Ndakota lakes and reservoirs have
an abundance of phosphorus, this model should loffieu or otherwise adapted for
conditions in North Dakota to provide a tool toadsish causative variable criteria from
endpoints such as Secchi depth transparency.
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Figure 4. Potential Process to Establish Nutriemit€}ia for Lakes and Reservoirs.

Establish In-Lake / In-Reservoir Trophic
Status (TP, TN, TSI) Goals by Type of
Resource for the Appropriate Geographic
Scale

Develop General Geometry / Model
Parameters by Type of Resource

v

Use Simple Completely Mixed Model (e.g.,
Vollenvieder) and Stochastic Approach (in
Spreadsheet) to Back-Calculated
Allowable Load Distribution

f

Convert Allowable Load Distribution into
an Allowable Yield Distribution

'

Stochastically Generate Distribution of
Annual Runoff Depths for the Drainage
Area Using ND Hydrology Guide

v

Compute Nutrient Criteria From Allowable
Annual Load and Distribution of Annual
Runoff Volumes

Assumes NDDH can establish
eco-region or major drainage
system trophic state goals

WATER BODY CLASSIFICATION

Reservoir

Large River System (e.g., Sakakawea, Ashtabula, Jamestown)
Small River System (e.g., Sweetbriar, McDowell)

Natural Lake
Shallow Lake (yet to be defined)
Lake (non-shallow; yet to be defined)

Wetland (yet to be defined - not addressed by this plan)

Volume

Surface area

Average depth

Maximum depth

Hydraulic residence time
Surface overflow rate

First order decay rate
Contributing drainage area

This Approach Assumes Downstream Lake and
Reservoir Quality Dictates the Nutrient Criteria

This will be evaluated against the criteria
developed indpendently for Lotic Systems
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An additional challenge is how to convert a regigndefined load into nutrient
concentrations in the streams and rivers entehadake or reservoir and how to modify
the concentrations moving upstream in the drairaga. Much of the available data is
more than 5 years old, and therefore has beendubjgarying and changing data
collection and analytical techniques. While theidlal Lakes Survey will assess lakes
statewide, only a single measurement will be ct#i@édrom each lake. Additional
funding could be used to sample the National L&avey lakes additional times,
sufficient to develop cause — affect relationships.

Table 16 shows the availability of paired nutrient concemtradata (i.e., causual
variable) and differing potential response variaplyy monitoring effort / program and
ecoregion for lentic and lotic systems. Considexgdalired total phosphorus, total
nitrogen and chlorophyll-a data are available witiie NDDH database for lentic
systems, with the exception of Level Il ecoregitth No chlorophyll-a data are available
within the remaining datasets for lentic systentee NDDH data should initially be used
to evaluate potential cause — affect relationshipsther analysis of the data is needed to
determine sample sizes by water body type.

3.2.3 Proposed Approach for Lotic Systems

3.2.3.1 Conceptual Model

Figure 5 presents a conceptual ecological model showingefigonse of lotic systems to
excess nutrient concentrations. This model suggeséntial ecological endpoints (i.e.,
response variables) include the frequency and ggwéralgal blooms, the concentrations
of chlorophyll-a, and various metrics associatetihwhe aquatic community (e.g., fish,
macroinvertebrates, periphyton). The conceptualehfudither suggests that the
applicable causative variables are those that pnhary production.

3.2.3.2 Ecological Endpoints (Response Variables)

Several ecological indicators are used by the NDiDassessing whether a stream or
river attains the beneficial use for aquatic lifee ecological endpoints are also our
response “targets” for the nutrient criteria. Theselogical endpoints include the
macroinvertbrate assemblage, the types and abuaddifish, the algae and diatom
assemblages and plant biomass as characterizeddrpphyte density and algal biomass
(epiphyton, periphyton, phytoplankton). The pigmeimorophyll-a is typically used to
guantify algal biomass. Excess nutrients, througlogical processes, can also affect the
magnitude of and daily variation in the amount iskdlved oxygen.
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Figure 5 — Conceptual Ecological Model for the Rasge of a Lotic System to Increased
Nutrient Concentrations (from CADDIS)..
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Provided light (or some other physical or chemataracteristic) does not limit primary
productivity, an excess of nutrients within perahmivers and streams leads to an
increase in the biomass of epiphytic algae. Theesse in epiphytic algae is generally
less in turbid lotic systems than in those wittslegbidity. Understanding the response
to excess nutrients within intermittent streamiess clear and therefore, will be more
challenging.

Ecological endpoints typically include some chagdstic of the ecological community,
population distribution or dynamic, or the abundanaad distribution of specific
organisms. For example, the EFHphemeroptera Plecopterat Trichopterg taxa
richness metric is one common characteristic ohtlaeroinvertebrate community used

to assess whether a stream or river is meetirigeneficial uses. The EPT characteristic
or “metric” is simple, known to be stable at refere sites or reaches, and can be used to
effectively evaluate changes in water quality. BRI taxa metric proved useful on the
Sheyenne River in earlier work completed by the MDZheng et al., 2005).

Macroinvertebrate sampling in wadable streams wilwrth Dakota is extensive. The
NDDH performs macroinvertebrate sampling throughpilbt projects such as through
the EMAP Western Pilot Project; 2) on the SheydRiver to characterize
macroinvertebrate structure; 3) a rotating basia$sessment program approach to
monitoring which is now being applied within thedRRRiver Basin; and 4) Section 319
Nonpoint Source Pollution watershed assessmeregisjWhile there are substantial
efforts to characterize ecological endpoints, theability within the available data
presently makes it uncertain as to which metri¢ ekt reflect the response of a stream
to human impacts and changes in nutrients.

Various macroinvertebrate endpoints or metrics @eommended as the response
variables for excess nutrients within rivers angtams(based upon a conceptual model).
These metrics may includetal taxa richness, EPT taxa, the Hilsenhoff Bidtidex

(HBI), and the Index of Biotic Integrity (IBI). Al biomass, the concentration of
dissolved oxygen, and pH may also be evaluated@nial response variables. The use
of macroinvertebrate endpoints is consistent withSheyenne River pilot study.

3.2.3.3 Causative Variables as Nutrient Criteria

As noted in Section 3.2.2.2, many efforts have begremented to collect data on
response variables. Similarly, data for numerousatwve variables, including nutrients,
have been collected over time. Cursory evaluatitii&\P West Pilot project data and
Sheyenne River Nutrient Pilot project data sugtjestboth total phosphorus and total
nitrogen, respectively, can be related to changesacroinvertebrate composition.

Lotic systems are known to respond to increasimgentrations of various nutrients
including nitrogen, phosphorus; the metabolic boddblock carbon (e.g., G and
light. The nature of the response may be linearootinear.
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An initial evaluation of the following causativeriables as potential nutrient criterion is
recommended

» Total phosphorus » Total Kjeldhal nitrogen
* Orthophosphate or dissolved » Dissolved organic carbon
phosphorus

» Total organic carbon
* Total nitrogen

* Nitrate plus nitrite nitrogen

* Ammonia nitrogen

Statistical analysis of the response and causaéikiables based upon the conceptual
model will be used to select the final parametéh@se parameters which have the
strongest predictive relationship with the ecolagendpoints will be the most useful to
establish as criteria. Expectations are that alddtanalysis of the various forms of
nitrogen is unneeded. Rather, the response tortibtagen or inorganic nitrogen is
sufficient to describe the response of the ecolgigstem.

3.2.3.4 Temporal Scale

Defining the temporal scale for the nutrient cideran help guide future data collection
efforts. There are several options for definingtdraporal scale for lotic system nutrient
criteria, including daily, weekly, monthly, seashrand annual (load based). The
temporal scale will depend in large part on whetherlotic system is perennial or
intermittent. The magnitude of nutrient concentnasi during base flow will differ
inherently from those occurring storm or event #oWhen determining the temporal
scale of the nutrient criteria, the frequency e$iream concentrations and the duration
over which the concentrations occur should be clansd.

The nutrient criteria may need to consider a weeklgven shorter temporal scale if
dissolved oxygen or pH is used as the responsabla(s). Excess nutrients can lead to
increased epiphytic algae and an increase in thpditaiche of the diel variation in
dissolved oxygen. Low dissolved oxygen during thdyemorning in some streams and
rivers can lead to aquatic life impairment.

3.2.3.5 Spatial Scale

Expectations are that the nutrient criteria willdeeloped by Level 1l ecoregion and
major drainage basin and separately for perennairermittent streams and rivers.
Further separation of the large non-wadable riystesns like the Missouri River and
Red River from other non-wadeable perennial straarisely. Nutrient criteria for the
Missouri River will likely be developed in coopamat with upstream and downstream
states (e.g., Montana, South Dakota, lowa, Kaiéalstaska, Missouri), while criteria
for the Red River will likely involve a collaborag effort with Minnesota and the
province of Manitoba.
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3.2.3.6 Recommended Criteria Development Method

The use of a reference approach to establish tiwema criteria for lentic systems is
recommendedlhe recommended approach consists of:

1.

Refining the conceptual mod@tigure 5) for each lotic system of interest (i.e.,
intermittent and perennial wadeable and non-waaestbbams) to reasonably
ensure the identification of the stressor and nespwariables, as well as the
causative mechanism for the response to excedsmistand the ecological
endpoints;

Using existing or newly collected biological dagaq(, fish population
characteristics, macroinvertebrate abundance fsityeperiphyton abundance /
diversity) to test / validate the ecological endypeidescribed by the conceptual
model. Use the reference sites to establish theediesonditions for the
ecological endpoints;

Subdivide the resource according to the appropwater body classification for
lotic systems;

Use landscape scale features to identify candiad¢eence sitéwor reaches,
stratified by Level 11l ecoregion and major draiedsasin, which represent least
impacted conditions and the nutrient condition gratd Previous work completed
in the Sheyenne River Basin suggests that lessab@nof the upstream land use
in agriculture is necessary to define a site ochiess “reference.” Additional
analysis will be needed to confirm this early cosan;

Evaluate the ability to use various surrogate raspwariables across the nutrient
gradient, for the ecological endpoints of intefesy., relate pH and dissolved
oxygen dynamics to the ecological response endgoint

Use existing or newly collected chemical concendratiata, specifically for the
causative variables (as discussed in Section 3)2ahd evaluate potential
statistically significant relationships between tdagisative variable (stressor) and
the various fish, macroinvertebrate, and periphgooslogical endpoints (i.e.,
response variables);

Determine the ecological endpoint(s) which bespsus criteria development;
and

Establish nutrient criteria for causative variabdased on thresholds established
for the ecological endpoints;

Two additional steps may be completed, shouldeternmended approach prove
challenging:

9.

Compute descriptive statistics (including thd' @&rcentile values) for the
causative variables at various temporal scalethdmbsence of statistically
significant relationships between the causativerasgonse variables,
anecdotally identify the relationship between teediptive statistics for the

" The reference approach takes into account a range of disturliafices! as least impacted and,
therefore, a range in the stressor-response relationship.
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causative and response variables. Use this anéaafatanation to establish the
nutrient criteria. Work completed by the DepartmahEnvironmental Quality in
Montana has shown the '8percentile to be correlated to reference condition
when using biological metrics.

10.In the absence of a definable relationship, us@Hieercentile concentration for
the reference condition.

3.2.3.7 Data Gaps and Potential Issues

A potential issue relates to situations when Isyistems discharge into lentic systems.
The criteria set forth to protect the beneficiadsig a particular river or stream reach
may not necessarily also be protective for cond#im downstream resources (i.e., a lake
or reservoir). The role of a translator mechanisrdiacussed in Section 3.1.5.1 is
important in this context. This would potentialljosv for adjustments (i.e. more
stringent) to nutrient criteria in lentic systenugls that it would “agree” with the criteria
established for lotic systems, thus protectingbiieeficial uses in both systems.

A second substantive issue is the availabilityigif,fmacroinvertebrate and periphyton
data needed to develop the various response variadtrics. These data need to be
specific to reference sites or reaches and acrgsiemt gradients within the geographic
region of interest. Based upon a cursory reviethefavailable macroinvertebrate data,
additional data will need to be collected for refeze reaches.

Large non-wadeable river systems (e.g., the Mis$oiner, and lower Red River)
present unique technical challenges requiring afsedusative variables which may be
different than for smaller wadeable perennial syste_arge river system ecology can
differ considerably from smaller systems. Thesdlehges include how reference
conditions are defined, sampling challenges anengiglly greater importance of
allocthanous than autocthanous energy inputs. n€kd to collaborate with other state,
provincial, and federal agencies will also be dlehge.

Table 12 shows the availability of paired nutrient concettradata (i.e., causual
variable) and differing potential response variapl®y monitoring effort / program and
ecoregion for lotic and lentic systems. Little pditotal phosphorus, total nitrogen and
chlorophyll-a data are available within the NDDHalzase for lotic systems. Samples
sizes exceeding 30 are available for select eammeguithin the western EMAP database.
Further analysis of the data is needed to detersangle sizes by water body type.
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4 Implementation Priorities and Administrative Issues

4.1 Priority for Developing Nutrient Criteria

Developing nutrient criteria is expected to reqaireonsiderable level of effort both in
terms of staff and financial resources. Due totkahistaff and financial resources, the
NDDH will need to develop nutrient criteria sequalty by water body type and
geographic region. The priority for developing et criteria has been established by
the NDDH based on several considerations, includeéegeational importance, intensity
of use as a fishery, regional or state-wide promeee TMDL need, and/or quantity and
quality of existing data for criteria developmenihe following priority will be used for
developing nutrient criteria within the State ofroDakota:

1. Large reservoirs and deep natural lakes;

Shallow natural lakes, small reservoirs;

Perennial wadeable rivers and streams;

Perennial non-wadeable (large) rivers and streams;

a s b

Intermittent/ephemeral streams; and
6. Wetlands.

Developing nutrient criteria for most types of wabtedies will likely require the
collection of additional water quality and biologiaata. The priority may be revised
based upon the availability of existing water dqyatiata and TMDL development
activities. Those water bodies with a greater arhotiwater quality data have also been
given preference.

4.2 Data Needs

Many of the data needs have previously been idedtfithin this criteria development
plan. The most critical of these data needs include

1. Geospatial landscape scale data sufficient to iijesntd select reference sites and
reaches as well as impacted or disturbed sitesgites across the nutrient
gradient);

2. Geometric and morphometric data for classifyingevatsources;

3. Hydrologic and runoff data to assist with classifywadeable streams as
intermittent or perennial and for the recommendsdi¢ system approach.
Discharge and runoff data should ideally be paivéd the causative and
response variables;

4. Sufficient data for the causative variables tod@esentative of the populations
at reference sites and reaches; and

5. Sufficient data for the response variables to peasentative of the populations at
reference sites and reaches. These data shoufthived’ with the causative
variables.
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A general rule of thumb is a sample size of 3Cef&iablishing a statistical representation
of the population. Therefore, a minimum of twolioee years of effort is expected to
obtain the minimum data needs for each waterbooy &nhd geographic strata.

4.3 Administrative Requirements

North Dakota Century Code lacks many of the deting needed to establish nutrient
criteria. Preliminary definitions presented herd ansubsequent documents will be
refined for use in the promulgation of a final ruléere is no known obstacle to
implementation of nutrient criteria through the MobDakota Century Code. As an initial
step in the nutrient criteria development proctss state should consider establishing a
narrative nutrient or eutrophication standard.

4.4 Schedule and Milestones

The schedule and completion of milestones is cotalylelependent upon sufficient staff
and funding. The NDDH currently lacks sufficierafftand financial resources to
implement all of the steps presented. Assumingatditional staffing and financial
resources are available, an eight year processnpletely develop and implement
nutrient criteria seems plausible as follows.

Time Period Milestone Activity

Year 1 « Develop conceptual models for each lentic waterybod
type identified in Section 3.2.2.1.

« Complete review and analysis of existing surfaceewa
guality monitoring data for lentic systems at the
recommended spatial and temporal scales.

« Modify current monitoring program design for lentic
systems to fill data gaps and needs for criteria
development.

« Complete an evaluation of known lentic referentessi

« Complete additional Geographic Information System
analysis to identify potential range of referenitessand
other locations for lentic systems across the entri
concentration and/or trophic status gradient.

« Evaluate priorities recommended in this plan faiecia
development and methods to reduce fiscal impagt, (e.
implement by geographic region).

« Develop detailed budget for developing the nutrient
criteria for lentic systems.
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Year 2

Year 3

Year 4

Initiate data collection for priority one water besl (large
reservoirs and deep natural lakes) within all egiore/
major drainage basin strata.

Develop conceptual models for each lotic water body
type identified in Section 3.2.3.1.

Complete review and analysis of existing surfactewa
guality monitoring data for lotic systems at the
recommended spatial and temporal scales.

Modify current monitoring program design for lotic
systems to fill data gaps and needs for criteria
development.

Complete an evaluation of known lotic referencessit
Complete additional Geographic Information System
analysis to identify potential range of referenitessand
other locations for lotic systems across the notrie
concentration gradient.

Evaluate priorities recommended in this plan fatecia
development and methods to reduce fiscal impagt, (e.
implement by geographic region).

Develop detailed budget for developing the nutrient
criteria for lotic systems.

Complete data collection for priority one water tesd
(large reservoirs and deep natural lakes).

Initiate data collection for priority two water bied
(shallow natural lakes, small reservoirs) withih al
ecoregion / major drainage basin strata.

Test the methods recommended by this plan foripyrior
one water bodies.

Refine the methods and recommendations for deveiopi
nutrient criteria for priority one water bodies bdsipon
data analysis and lessons learned.

Apply the refined method to compute draft critdaa
priority one water bodies.

Complete data collection for priority two water el
(shallow natural lakes, small reservoirs) withih al
ecoregion / major drainage basin strata.

Initiate data collection for priority three watesdes
(perennial wadeable rivers and streams).

Test the methods recommended by this plan foripyrior
two water bodies.

Refine the methods and recommendations for devedopi
nutrient criteria for priority two water bodies lealsupon
data analysis and lessons learned.
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Year 5

Year 6

Apply the refined method to compute draft critdaa
priority two water bodies.

Complete data collection for priority three watedtes
(perennial wadeable rivers and streams).

Initiate data collection for priority four water thes
(perennial non-wadeable (large) rivers and stresitmin
all ecoregion / major drainage basin strata.

Test the methods recommended by this plan foriprior
three water bodies.

Refine the methods and recommendations for devejopi
criteria based upon lessons learned for prioritgeh
water bodies.

Apply the revised method to compute draft critéoia
priority three water bodies.

Complete data collection for priority four waterdes
(perennial non-wadeable (large) rivers and streams)
Initiate data collection for priority five water di@s
(intermittent/ephemeral streams).

Test the methods recommended by this plan foriprior
four water bodies.

Refine the methods and recommendations for devejopi
criteria based upon lessons learned for priority feater
bodies.

Apply the revised method to compute draft critéoia
priority four water bodies.

Develop conceptual models for wetlands water body
types.

Complete review and analysis of existing surfactewa
guality monitoring data for wetland systems at the
recommended spatial and temporal scales.

Modify current monitoring program design for wettan
systems to fill data gaps and needs for criteria
development.

Complete an evaluation of known wetland refereriies s
Complete additional Geographic Information System
analysis to identify potential range of referenitessand
other locations for wetland systems across theemitr
concentration gradient.

Evaluate priorities recommended in this plan fatecia
development and methods to reduce fiscal impagt, (e.
implement by geographic region).

Develop detailed budget for developing the nutrient
criteria for wetland systems.

North Dakota Nutrient Criteria Development Plan 35



Year 7 « Complete data collection for priority five waterdies
(intermittent/ephemeral streams).

+ Initiate data collection for priority six water bed
(wetlands).

« Test the methods recommended by this plan foriprior
five water bodies.

+ Refine the methods and recommendations for devejopi
criteria based upon lessons learned for priority feater
bodies.

« Apply the revised method to compute draft critéoia
priority four water bodies.

Year 8 « Complete the data collection for priority six waberdies
(wetlands).

« Test the methods recommended by this plan foriprior
six water bodies.

« Refine the methods and recommendations for devejopi
criteria based upon lessons learned for prioritg fvater
bodies.

« Apply the revised method to compute draft critéoia
priority five water bodies.

Year 9 « Implement criteria within North Dakota Century Code
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APPENDIX A
LEVEL |1l ECOREGIONS OF NORTH DAKOTA

The concept of defining or grouping broad landssdmesed on environmental factors has
been studied in North America for almost 45 yeHi®wvever, the first national
compilations of ecological classifications werepmeed in the mid-1980’s (CEC 1997).
Ecoregions are broad geographic areas of simihal farm, soil type, climate, flora and
faunal communities. As such, rivers and lakes wittgoregions tend to show
comparable traits.

There are four levels of detail in the ecoregiassification scheme, ranging from the
continental scale (Level 1) to a near-local scakevel 4). Level Il ecoregions
characterize landscapes at a regional scale andasteappropriate for this plan. There
are four Level Il ecoregions within North Dakotd &p 1). The following descriptions
are taken from the publicatidfcological Regions of North Amerity the Commission
for Environmental Cooperation (1997).

Northwestern Glaciated Plains, Ecor egion 42

This glaciated plains region comprises a transitietween the generally more level,
moister, more agricultural regions to the easttaedyenerally more irregular, dryer
regions to the southwest. The southern boundaryhly coincides with the limits of
continental glaciation. Pocking this ecologicaiom is a moderately high concentration
of semi-permanent and seasonal wetlands, locdlyresl to as Prairie Potholes.

Northwestern Great Plains, Ecoregion 43

This ecological region encompasses the MissouteRlasection of the Great Plains. It is
a semiarid rolling plain of shale and sandstonectuated by occasional buttes. Native
grasslands, largely replaced on level ground bingmwheat and alfalfa, persist in
rangeland areas on broken topography. Agricuitio®nstricted by erratic precipitation
and limited opportunities for irrigation.

Northern Glaciated Plains, Ecoregion 46

This ecological region is characterized by a tagéntly rolling landscape composed of
glacial till. The subhumid conditions foster tramsal grassland containing tallgrass and
shortgrass prairie. In its northern parts, mixae$ts of aspen, lodgepole pine, and white
spruce become prevalent. High concentrationsmpteary and seasonal wetlands create
favorable conditions for waterfowl nesting and ratgpn. Though the till soils are very
fertile, agricultural success is subject to anmliadatic fluctuations.

Lake Agassiz Plain, Ecoregion 48

Glacial Lake Agassiz was the last in a series oflacial lakes to fill the Red River
valley in the three million years since the begmgnof the Pleistocene. Thick beds of
lake sediments on top of glacial till create theexely flat floor of this region known as
the Lake Agassiz Plain. The historic tallgrassrgrdas been replaced by intensive row
crop agriculture. The preferred crops in the remhhalf of the region are potatoes,
beans, and wheat; soybeans and corn predomintte gouth.
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APPENDIX B
MAJOR DRAINAGE BASIN DESCRIPTIONS

There are five major hydrologic basins recognizgthie State of North Dakotd(ap 2),
where the Lower and Upper Red River Subbasins bhaga grouped into one major unit.
Descriptions of these basins were excerpted Bgmopsis of Ground-water and Surface-
water Resources of North Dakdigt Winter et al. (1984). In this report, the Lake
Sakakawea and Lake Oahe Subbasins of the Missoui Rave been grouped into one
description for the Missouri River Mainstem Basin.

Red River (including Devils Lake) (includes Upper and L ower Red River
Subbasins)

The Red River basin is a part of the Hudson Bajndgge system. Of the total drainage
area, 20,820 square miles are located in North @2akéhis includes 3,800 square miles
of the closed Devils Lake basin. The Ottertail 8ais de Sioux Rivers combine at
Wahpeton, ND and Breckenridge, MN to form the RéceR The river flows northward
for 394 miles to the United States-Canadian bound&he Red River follows a
meandering course through the broad, very flatdiegdacial Lake Agassiz. About one-
half of the basins consist of the extremely fl&el@lain, while the other half consists of
an upland area with greater local relief. The @pal tributaries are the Wild Rice,
Sheyenne, Goose, and Pembina Rivers.

Souris River

The Souris River originates in southeastern Sakkatan, Canada, flows southeasterly to
enter North Dakota west of Sherwood, forms a laoNorth Dakota, re-enters Canada
near Westhope, and then flows to the Red RivethaaAssiniboine River in Canada.

The topography in North Dakota varies from hilly raioes in the southwest part of the
basin to gently rolling moraines and a flat glatadde plain in the northeast part of the
basin. The total drainage area in North Dakof3180 square miles. Large areas within
the overall basin have a poorly defined drainageepaand are noncontributing to the
streamflow. Major tributaries are the Des Lacsnifing, and Deep Rivers, and Willow
and Boundary Creeks.

Missouri River Mainstem (includes Upper Missouri River (L ake Sakakawea) and
Lower Missouri River (Lake Oahe) Subbasins)

The Missouri River mainstem drainage area withimthi®@akota consists of about 48
percent of the State. About 32,800 square milesaihage area contribute to the
Missouri River mainstem in North Dakota. The mdjdsutaries are the Yellowstone,
Little Missouri, Knife, Heart, and Cannonball Rigewhich drain the area to the west
and south of the Missouri River. Most of the revér this western region flow through
badland areas, which produce rapid and excessnafruSmaller tributaries, generally
occupying large valleys of glacial origin, drairethrea to the east and north. Tributaries
in the eastern area originate in the lake wetlamda of the Coteau du Missouri where
drainage is poorly integrated. Of the original 38ies of river in the State, only the 90-
mile reach between Garrison Dam and the upstreahoflbake Oahe near Bismarck,
has not been inundated.

North Dakota Nutrient Criteria Development Plan



James River

The James River originates in Wells County in cdritiorth Dakota and follows a
meandering course east and south for 260 mildsetstate border. Near it headwaters,
the channel is poorly defined, consisting of aeseaf small ponds or sloughs. The
drainage area within North Dakota is 5,480 squatesyof which about 3,300 square
miles is considered noncontributing. Relief throdlge basin is extremely slight,
consisting of low hills, scattered lakes, and |duffis along the river.

North Dakota Nutrient Criteria Development Plan



Table 1 — Lakes and Reservoirs Assessed in North Dakota.

System

Total Area (acres)

Artificial Reservoirs (134 total) including Lake
Sakakawea and Lake Oahe

542,868

Lake Sakakawea and Lake Oahe

480,731

All other reservoirs excluding Lake Sakakawea a
Lake Oahe

nd62,137

Natural Lakes (90 total) including Devils Lake

172,051

Devils Lake

125,000

All Other Natural Lakes, excluding Devils Lake

47,051

Grand Total

714,919

Table 2 — Streams and Rivers by Major Hydrolog

ic Basin.

Basin Total Length (miles)
Red River (including Devils Lake) 11,881

Souris River 3,645

Upper Missouri (Lake Sakakawea) 13,877

Lower Missouri (Lake Oahe) 22,271

James River 2,753

Grand Total 54,427

Table 3 — Primary Causes of Designated Benefic

ial Use Impairments

Stressor or Cause

Beneficial Use

Lakes and Reservoirs

Rivers and Streams

Aquatic Life

Low Dissolved Oxygen

Nonpoint Source Padint
(siltation/sedimentation or
stream habitat loss/degradation)

Recreational Use

Nutrients

Pathogens

Drinking Water

(no impairments)*

(no impairments)

Fish Consumption**

Methyl-mercury

Methyl-mercury

*Only 6 reservoirs established for drinking water; Byfsupport their designated use and the remaining

three are not assessed.

**To date there have been no specific causes or sources idefuifiget mercury present in North Dakota

fish.

Table 4 — Impaired Water Bodies by Type and Beneficial Ustified in 2006.

Beneficial Use Lakes and Reservoirs (acres)* Rivers and Sti(gaifes)
Aquatic Life 171.8 1,941.48

Recreational Use 5,565.0 1,189.30

Drinking Water 0 0

Fish Consumption 493,231 399.23

*Represents a total of 47 lakes and reservoirs which werédeved impaired.




Table 5 — NDDH Lake and Reservoir Sample Counts of Parainetarvel 11l Ecoregion (1993 - 2005).

Level 11 Ecoregion
Parameter 42 43 46 48 Grand Total
Northwest Northern Lake
Glaciated Northwest Glaciated | Agassiz
Plains Great Plains Plains Plains
Ammonia (N) 727 1,793 2,764 258 5,542
Ammonia (N), Dissolved 0 70 4 0 74
Nitrate 613 1,241 2,441 228 4,523
Nitrogen, Total Kjeldahl 723 1,796 2,742 258 5,519
Nitrogen, Total 598 1,059 1,785 215 3,657
Nitrogen, Organic 0 0 0 0 0
Chlorophyll -a 268 562 1,208 79 2,117
Chlorophyll -b 241 445 1,049 76 1,811
Specific Conductivity 573 1,633 2,024 249 4,479
Dissolved Oxygen 29 65 9 0 103
Water Temperature 29 65 9 0 103
pH 575 1,633 1,955 249 4,412
Phosphorus, Dissolved as P 584 1,436 1,906 239 4,164
Phosphorus, Organic 0 0 0 0 0
Phosphorus, Total 727 1,793 2,748 260 5,528
Suspended Sediment 0 0 0 0 0
Suspended Solids, Total 87 58 77 16 238
Turbidity 0 0 0 0 0




Table 6 — NDDH River Sample Counts of Parameter by Levelcbr&gion (1993 - 2005).

Level |11 Ecoregion
Parameter 42 43 46 48 Grand Total
Northwest Northern Lake
Glaciated Northwest | Glaciated | Agassiz
Plains Great Plains Plains Plains
Ammonia (N) No Data 5714 2,877 12,097 20,688
Ammonia (N), Dissolved No Data 116 2 58 176
Nitrate No Data 5,080 2,469 11,606 19,155
Nitrogen, Total Kjeldahl No Data 5,498 2,618 11,965 ,08Q
Nitrogen, Total No Data 4,281 2,084 10,304 16,669
Nitrogen, Organic No Data No Data No Data No Data Na@Dat
Chlorophyll -a No Data 3 212 38 253
Chlorophyll -b No Data 3 217 38 258
Specific Conductivity No Data 1,106 1,311 1,737 4,154
Dissolved Oxygen No Data 84 124 61 269
Water Temperature No Data 84 124 61 269
pH No Data 1,056 1,192 1,451 3,699
Dissolved Phosphorus as P No Data 502 300 355 1,157
Phosphorus, Organic No Data No Data No Data No Data DiNa
Phosphorus, Total No Data 5,716 2,438 12,135 20,289
Suspended Sediment No Datg No Data No Data No Data No Data
Suspended Solids, Total No Data 5,502 0 2,963 8,465
Turbidity No Data No Data No Data No Data No Data




Table 7 — USGS Lake and Reservoir Sample CounBabgmeter and Ecoregion (1995 - 2005).

Level |11 Ecoregion

Parameter 42 43 46 48 Grand Total

Northwest Northern Lake

Glaciated | Northwest | Glaciated | Agassiz

Plains Great Plains Plains Plains

Ammonia (N) 42 353 186 No Datdg 581
Ammonia (N), Dissolved 241 68 626 No Data 935
Nitrate (N) - Dissolved 1 4 17 No Data 22
Nitrogen, Total Kjeldahl 297 355 811 No Data 1,463
Nitrogen, Total No Data No Data No Data No Data No Data
Nitrogen, Organic 7 No Data 68 No Data 75
Chlorophyll -a No Data No Data No Datg No Data No Data
Chlorophyll -b 109 105 534 No Datg 748
Specific Conductivity 1,525 3,797 3,789 No Dats 9,111
Dissolved Oxygen No Datal No Data No Data No Data No Datg
Water Temperature 1,515 3,789 3,742 No Data 9,046
pH No Data No Data No Data No Data No Data
Phosphorus, Dissolved as P 14 288 187 No Data 489
Phosphorus, Organic No Data No Data No Data No Data DiNa
Phosphorus, Total 288 355 812 No Data 1,455
Suspended Sediment No Data No Data 16 No Data 16
Suspended Solids, Total No Datp No Data 258 No Data 258
Turbidity® 1,048 127 36 No Data 1,211




Table 8 — USGS River and Stream Sample Counts taniger and Ecoregion (1995 — 2005).

Level |11 Ecoregion
Parameter 42 43 46 48 Grand Total
Northwest Northern Lake
Glaciated | Northwest | Glaciated | Agassiz
Plains Great Plains Plains Plains
Ammonia (N) No Data 105 156 274 535
Ammonia (N), Dissolved 127 143 648 235 1,153
Nitrate (N) - Dissolved 1 4 3 0 8
Nitrogen, Total Kjeldahl No Data 171 681 412 1,264
Nitrogen, Total No Data No Data No Datag No Data No Data
Nitrogen, Organic No Data 5 43 62 110
Chlorophyll -a No Data No Data No Datg No Data No Data
Chlorophyll -b No Data 0 249 79 328
Specific Conductivity 470 2,064 3,144 2,244 7,922
Dissolved Oxygen No Data| No Data No Data No Data No Data
Water Temperature 432 1,977 2,967 2,127 7,503
pH No Data No Data No Data No Data No Data
Phosphorus, Dissolved as P 0 107 355 339 801
Phosphorus, Organic No Data No Data No Data No Dpta DiNa
Phosphorus, Total No Datg 174 684 414 1,272
Suspended Sediment 4 114 318 361 797
Suspended Solids, Total No Data No Data 486 64 550
Turbidity? 108 62 17 176 363




Table 9 — EMAP Western Pilot Project Sample Counts by Pagamed Ecoregion in North

Dakota.
Level 111 Ecoregion
Parameter 42 43 46 48 Grand Total
Northwest Northern Lake
Glaciated | Northwest | Glaciated | Agassiz
Plains Great Plains|  Plains Plains
Ammonia (N) No Data No Data No Data No Data No Data
Ammonia (N), Dissolved No Datal No Data No Data No Data Ddta
Nitrate (N) No Data 40 38 33 111
Nitrogen, Total Kjeldahl No Data No Data No Data No Data No Data
Nitrogen, Total No Data 40 38 33 111
Nitrogen, Organic No Data No Data No Data No Data Na@aDat
Chlorophyll -a No Data No Data No Datg No Data No Data
Chlorophyll -b No Data No Data No Data No Data No Data
Specific Conductivity No Data 40 38 33 111
Dissolved Oxygen No Datal No Data No Data No Data No Data
Water Temperature No Datg No Data No Data No Data No Data
pH No Data No Data No Data No Data No Data
Phosphorus, Dissolved as P No Data No Da No Data dte D No Data
Phosphorus, Organic No Data No Data No Data No Data DiNa
Phosphorus, Total No Datd 40 38 33 111
Suspended Sediment No Data No Dat No Data No Data No Data
Suspended Solids, Total No Datp 40 38 33 111
Turbidity 2 40 38 33 113

Table 10 - EMAP Western Pilot Project Impacted Sample Sitdgiith

Dakota.
Level Il Ecoregion
Grand
Year 42 43 46 48 Total
Northwest | Northwest| Northern Lake
Glaciated Great Glaciated | Agassiz
Plains Plains Plains Plains
2000 No Data 7 9 7 23
2001 No Data 9 13 8 30
2002 1 4 7 4 16
2003 No Data 6 4 3 13
2004 No Data 4 No Data| No Data 4
Grand Total 1 30 33 22 | 86




Table 11 - EMAP Western Pilot Project Reference Sample Sitésrih Dakota.

Level I Ecoregion

Year 42 43 46 48 Grand Total

Northwest | Northwest | Northern Lake

Glaciated Great Glaciated | Agassiz

Plains Plains Plains Plains

2000 No Data No Data No Datl No Data No Datd|
2001 No Data No Data No Datal No Data No Data|
2002 No Data No Data 1 11 12
2003 1 8 No Data No Data 9
2004 No Data No Data No Data  No Data No Data
Grand Total 1 8 1 11 21

Notes:
No information was available for the Sheyenne River Pilot reference sites used by Zheng et. al., 2005).

Data for Ecoregion 42 is on the edge of the boundary between 42 and 43.
Targeted riffle data not included in these summaries.



Table 12

Potential Nutrient Criteria Based Upon the Statistical Approach Recommended by EPA.

Lakes and Reservoirs

fggregﬁe Ecoregl on TV fggregﬁe Ecoregl on v fggreg&e Ecoregl on v

Level Il Ecoregion 43 Level |11 Ecoregion 42 Level Il Ecoregions 46 and 48
(Southwest N.D.) (Central N.D.) (EasternN.D.)
Parameter EPA Richards EPA Richards EPA Richards*
Total Phosphorus (mg/L) 0.020 0.020 0.033 0.030 0.038 0.115
Total Nitrogen (mg/L) 0.44 - 0.56 1.10 0.78 1.20
Chlorophyll-a (ug/L) 2.00 3.00 2.30 3.00 8.59 4.00
Secchi Depth (m) 2.00 - 1.30 - 1.36 -

Rivers and Streams

Aqggregate Ecoreg| onlV Aqggregate Ecoreg| onV Aqggregate Ecoreg| on VI
Level Il Ecoregion 43 Level |11 Ecoregion 42 Level |11 Ecoregions 46 and 48
(Southwest N.D.) (Central N.D.) (Eastern N.D.)
Parameter EPA_ Richards EPA_ Richards EPA_ Richards*
Total Phosphorus (mg/L) 0.023 0.040 0.067 0.070 0.076 0.150
Total Nitrogen (mg/L) 0.56 0.39 0.88 0.85 2.18 0.94
Chlorophyll-a (ug/L) 2.40 - 3.00 - 2.70 -
Secchi Depth (m) 4.21 - 7.83 - 6.36 -

Data presented represents 25th percentile of sample set values for lakes and streams
*Richards data shown for aggregate Ecoregion VI isan average of Level |11 ecoregions 46 and 48



Table 13

Summary of Literature Compiled and Reviewed forBleelopment of Nutrient Criteria within North Ddko

Primary Reference Publication

Title Y ear Publisher Contact Number Type
Arkansas Nutrient Criteria 2006 Arkapsas Departmeqt of not listed not listed Fact sheet
Development Plan Environmental Quality
Data Availability and Propose
Analysis Scheme for Nutrient . . .
Assessment using South Dakota’s 2004 Unpublished R. Peter Richardgs not listed Report
Ambient Monitoring Program Da
De\{e[oplng Nutrient Criteria for 2006 LOU|§|ana Departmer.mt of not listed not listed Report
Louisiana Environmental Quality
Development and Adoption
Nutrient Criteria into Water Quality 2001 US EPA Geoffrey Grubbg WQSP-01-01 Memoradur]
Standard
EMAP - West Communications. H(
Reference Condition is Used in 2002 US EPA John Stoddard EPA A620/R- Fact sheet

o 01/004d
Surface Water Monitorir
EPA's EMAP Probability Monitoring . . .
Approach: More Than Just 305(b)3 not dated US EPA not listed not listed PowerPoint Harjdo
Establishing Nutrient Criteria in 2000 Journal of Ngrth Amgncan Walter Dodds not listed Journal Article
Streams Benthological Society

Establishing Reference Conditions
Assessing the Biological Integrity of not dated Utah State University Charles Hawkips rsbed PowerPoint Handgjut
\Western Strean

Guidance Manual for Assessing the Minnesota Pollution Control
Quality of Minnesota Surface Waters 2004 not listed not listed Report

L . Agency
for the Determination of Impairmeng

Assessment Report: Developing 2005 Agenc Steve Heiskary not listed Report
Nutrient Criteria (3rd Ed.) gency

“National Strategy for th

“Minnesota Lake Water Quality Minnesota Pollution Control

Manual - Rivers and Streams

Development of Regional Nutrient 1998 US EPA Amy Parker Unlisted Fact sheet

Criterig

National Strategy for th

Development of Regional Nutrient 1998 US EPA not listed EPA 822-R-98-0p2 Report

Criterig

North Carollna Nutrient Criteria 2004 State of North Carolina not listed not listed Repo

Implementation Plan

Nutrient Criteria Adoption Plan 2002 Mfalne Department O.f not listed not listed Report
Environmental Protection

Nutrle_nt Criteria Development in 2004 Washington State Department Allen Moore 04-10-033 Report

\Washington State Ecology

Nutrient Criteria Development Plan| 2002 Colorado Departmgnt of Public not listed not listed Report

for Colorado Health and Environment

Nutrient Criteria Development Plan| Virginia Department of . .

“for the Commonwealth of Virginia 2004 Environmental Quality not listed not listed Report

Nutrient Criteria for Florida Lakes: A Florida Department of Michael Paul (Tetra .

. 2002 - ; not listed Report

Comparison of Approaches Environmental Protection Tech)

Nutrient Criteria for Montana Montana Department of

Flowing Waters: What We've Done 2006 . P . Michael Suplee not listed PowerPoint Hangout

) . Environmental Quality

\Where We're Goir

Nutrient Criteria Technical Guidange 4, US EPA Various EPA-822-B-00-001 Report

Manual - Lakes and Reservoirs

“Numem Criteria Technical Guidange 4 US EPA Various EPA-822-B-00-002 Report

NHD: Value to Nutrient Criteria not dated US EPA Ifeyinwa Davis not listed Report

Nutrient Stations Georeferenced to|
Development

Nutrient Status of Lakes and . . .

“Reservoirs in North Dakota 2000 Unpublished R. Peter Richargs not listed Report
Nutnent Status of Rivers and Stre3 2000 Unpublished R. Peter Richargs not listed Report

in North Dakota

Peer Review Comments a

Responses on National Nutrient not dated US EPA not listed not listed Working Docunflent

Strateg

Standards work plan: Developmen
numeric algal biomass and nutrien 2002
standards for Montana's waters

Montana Department of

Environmental Quality Michael Suplee not listed Report

Technical Approach to Develc California State Water ResourceClayton Creager | 68-C-02-108-To-

Nut‘rlent. Numeric Endpoints for 2005 Control Board (Tetra Tech) 111 Draft Report

Californie

Vermont Nutrient Criteri Vermont Department of

Development Project -- Final Data 2006 . p ; Neil Kamman not listed Report
Environmental Conservation|

Repor

Vermont Plan for the Development|of Vermont Department of . .

Nutrient Criteria for Lakes and Rivgrs 2002 Environmental Conservation| not listed not listed Report

\Wadeable Streams of Montana's

line Region: An Analysis of Their

Nature and Condition, with an Montana Department of

Emphasis on Factors Affecting 2004 P Michael Suplee not listed Report

. - Environmental Qualit
Aquatic Plant Communities and Quality

Recommendations to Prevent

Nuisance Algae Conditio
\Wadeable Streams of North Dakotd's

North Dakota Department off Lei Zheng (Tetra

Northern Glaciated Plains: Nutrient 2005 68-C-01-041 Report
L Health Tech)

Criteria Developmel

Work Plan to Develop Nutrient Utah Department of . .

Standards for Utah's Waters 2005 Environmental Quality Theron Miller not listed Draft Report




Table 14

Summary of State Nutrient Criteria Development Plans for Lakes and Reservoirs

Identified Standard
Reference ] -
Waterbody Classification ~Targeted Beneficial Nutrient Criteria | Primary Established Temporal Secondary Established Tempora Condition Site-specific Implementation
State Contact Person Approach Use Approach Indicator(s) Value Scale Indicator(s) Value Scale Definition Mechanism? Priority Data Gaps or |ssues Comments
] Aquatic life & - : ] }
. Ecoregion level 11l & S Cassification of reservoirs will be detailed later:
Montana Michael Suplee, Morphometry; See comment flsher'lea Effects-based TP, TN TBD undefined chl orophyll—a, TBD undefined undefined Yes, 'transl ator undefined Need lake Ecoregion based but will look at different factors|
Ph.D. h recreation& Secchi mechanism planned morphometry . .
for Reservoirs - (such as residence time)
aesthetics
Beneficial use, with sub- S:Chc';’i’oggr';a’ .
. ; e . , Weight of Evid ) ) y
Utah Theron Miller, | classes based on ecoregion, A_qu_anchfe, Combination of TP, NO3 TBD undefined dominance of TBD undefined Statistical eigl 03 vidence _ Reservoirs ma_y‘hav‘e different sub-class
Ph.D. morphology, and other drinking water approaches A stratification factors
. nuisance aga
characteristics :
species
Colorado Dept. Site-specific empirical Effects-based coﬁlz;’oiatv;” chl o;cl)p;myll—a, Zg:ﬁ?: Acknowledged Example Table: Minimal datafor | Additional cause and response variables may be
Colorado | of Public Health|  approach, with physical Aquatic life (predictive TP, TN TBD gl TBD ) TBD possibility for site- | | . pie ' Chlorophyll-aand considered. Interim measures for waterbody
. X look at communities, will look at .. High, medium, low L X X
and Environment factors considered models) specific assessments algal communities protection being explored.
seasonal. transparency seasonal.
Effects-based ) ) -
e . . ¥ Varies by Varies by Statistical . .
Minnesota = SteveHeiskary | Ecoregion, morphometry Aquqtlc life, using relationships TP ecoregion and Seasonal chl orophyll a ecoregionand | Seasona [[ (interquartile No. - Different standards for s.hallovw and deep lakes;
recreational use of causal and . secchi > multiple
- beneficial use beneficial use range)
response variables
3 Risk categories based on
I California State benefica UsEs: Aquqtlc life, Effects-based (risk| Chlorophyll-a, Varies by Var.le.s by : Agkpqwl edggd Proposed numeric criteria defines boundaries
California | Water Resource Presumed unimpaired, recreational use, analysis approach) None None secchi. DO. oH | beneficial use beneficial usg| undefined | possibility for site- No. - between risk catedories
Control Board | possibly impaired, presumed |  drinking water ysisapp DO, P and indicator specific assessments €9
impaired
Combination of ProviSIona Provisional
Forida Dept. of 5 classes based on color and reference and Vdfg;]r:/iacz by Chioroohvil- values; vary by TBD; three
Horida Environmental Undefined effects-based TP, TN undefined P y a technical undefined methods No. No. --
. pH - method and Secchi
Protection approaches, with method and proposed
. waterbody
TAC input waterbody class
clace
PR (pending (pending (pending (pending (pending (pending (pending (pending (pending (pending A A
S‘:(r;?a Mike Ell (pend ”%f”:)arjt')za" oo | finaizationof | finalizationof | finalization | finalization of | finalization of i finalization of | finalization of finalization offfinalization o finalization of (pe”d'(;grf”fr‘t')z"“ on (pe”d'(;grf”fr‘t')z"“ on
e report) report) of report) report) report) report) report) report) report) report) ep ep
Footnotes

1) Current system (e.g., 3A, 3B) is based on beneficial uses

2) Needed where insufficient data exist, site-specifc conditions are unique, or downstream impacts warrant additional nutrient control (e.g. TMDL)
(A translator mechansim would outline specific approaches to devel oping standards on waterbodies on a case-by-case basis.)

3) Weight of Evidence means examining multiple criteria to assess resources which are borderline between classes or criteria.

Genera Notes
TBD = To be determined. Author acknowledges the need to address this factor in developing criteria.
Undefined = Report does not clearly acknowledge or state the approach



Table 15

Summary of State Nutrient Criteria Development Plans for Streams and Rivers

Identified Standard

Waterbody Classification Targeted Primary ~ Established  Temporal Secondary Established Site-specific  |mplementation
State Contact Person Approach Beneficia Use Nutrient Criteria Approach || Indicator(s) Vaue Scale Indicator(s) Value Temporal Scaleff Reference Condition Definition Mechanism? Priority Data Gaps or |ssues Comments
Current system’, plus Aquaticife & Yes, trandlator
Michael Suplee, ) ’ fisheries; ) Chlorophyll-a, ) ) - ) Will need Rosgen | *Current stream classification system based
Montana Ph.D. Ecoregul)n Ievs & Stream| | tion& Effects-based TP, TN TBD undefined Turbidity TBD undefined undefined mer:na:;dsm undefined stream class slinity and temperature
class (Rosgen) aesthetics P
Current system”, plus Currently, Currenty, Yes, trangator
Theron Miller, ) ’ _ : impairment . . impairment . Probablistic sampling based on . Reference site Rel ationships between nutrients, excess
Utah Ph.D. Ecoregul)n Ie\/;I 11l & Stream Combination of approaches undefined value TP > 50 undefined undefined value: D.O. undefined EMAP melc:na:édsm development biomass, and DO.
class (Rosgen) ppb thresholds P
Colorado Dept. Site-specific empirical Reference based (expected co-lrllztlzt)ivoiatvz:ill o 0: p;y”-a TEBD, data Azg(t))\ll\llllfd ?c?? Minimal data for Additional cause and response variables may be
Colorado | of Public Health|  approach, with physical Aquatic life Se0 (X TP, TN TBD gl TBD collection will TBD possbriity undefined Chlorophyll-aand =P Y
) . conditions) look at communities, site-specific L considered
and Environment factors considered look at seasonal | algal communities
seasonal. transparency assessments
. ! ] Aquatic life; 3 Impairment . : . B Datafor streams and rivers solely considered
Minnesota - Steve Heiskary Ecoregion recreational use Effects-based 1Bl thresholds Statistical (interquartile range) guidance; based on state narrative standard
3 Risk categories based on
I - ) e ; . Acknowledged
. California State beneflcal_ USES: Aqua_nc life; Effects-based (risk analysis Benthlc g Varies by Var_le_s by ) possibility for Proposed numeric criteria defines boundaries
Cadlifornia | Water Resource Presumed unimpaired, recreational use, None None diversity, D.O., L beneficial use undefined . - No. - . .
- ) L approach) beneficial use L site-specific between risk categories
Control Board | possibly impaired, presumed|  drinking water pH and indicator
L assessments
impaired
Horida
(not applicable for streams)
North (pending finalization of (pending (pending (pending (pending (pending (pending (pending (pending (pending (pending
Dakota Mike EIll P gr ort) finalization of | (pending finalization of report) || finalization | finalization of | finalization of i finalization of | finalization of | finalization of (pending finalization of report) finalization of finalization of finalization of
€p report) of report) report) report) report) report) report) report) report) report)
Footnotes

1) Current system (e.g., 3A, 3B) is based on beneficial uses

2) Needed where insufficient data exist, site-specifc conditions are unique, or downstream impacts warrant additional nutrient control (e.g. TMDL)
(A trandlator mechansim would outline specific approaches to devel oping standards on waterbodies on a case-by-case basis.)

3) Minnesota does not have nutrient criteria specifically articulated. Information shown reflects approach for assessing impairment.

General Notes
TBD = To be determined. Author acknowledges the need to address this factor in developing criteria.
Undefined = Report does not clearly acknowledge or state the approach



Table 16 - Paired Nutrient Concentrations (Causative) Data and Response Data
By water Body Type and Monitoring Program

Ecoregion
42 43 46 48

Waterbody Type/ Northwest Glaciated |  Northwest Northern Lake Agassiz
Monitoring Program Paired Parameters Plains Great Plains |Glaciated Plaing Plains
Lakes and Reservoirs

Western EMAP turbidity, total-n, and total-p No Data No Data No Data No Data

USGS NWIS turbidity and total-p 241 No Data No Data No Data

NDDH chlorophyl-a, total-n, and total-p 205 348 709 204
Rivers & Streams

Western EMAP turbidity, total-n, and total-p No Data 40 38 33

USGS NWIS turbidity and total-p No Data 57 13 92

NDDH chlorophyl-a, total-n, and total-p No Data No Data 38 39
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the same impoundment feature.

Data Period: 1995 - 2005

Map 4: Lentic (lake and reservoir) systems
sampled by the North Dakota Department
of Health and USGS
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Data Source: ND Department of Health, USGS and
ND GIS Hub.

Data Period: 1995 - 2005

Map 5: Lotic (stream and river) systems sampled
by the North Dakota Department of Health, the
USGS, and the EPA.
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Data Source: ND Department of Health, USGS and
ND GIS Hub.

Data Period: 1995 - 2005

Map 6: Macroinvertebrate and fish biological
assessment monitoring locations used by the
North Dakota Department of Health
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Map 7: Data availability of select characteristics
for lakes managed by Game & Fish.
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